Background: Takotsubo cardiomyopathy (TTC) is a relevant differential diagnosis in patients presenting with signs of an acute coronary syndrome. Although recent literature has highlighted some salient features of this disorder, there has been little information elucidating the differences in clinical features, electrocardiographic findings, echocardiographic data and TTC-related complications associated with the different variants of TTC. Methods and results: Our institutional database constituted a collective of 114 patients diagnosed with TTC between 2003 and 2015 and these patients were subsequently divided into two groups based on the presence (n ¼ 82, 72%) or absence (n ¼ 32, 28%) of the apical form of TTC. The protocol for our proposed study was approved by the Ethics Committee of the University Medical Centre in Mannheim. It was noticed that the patients presenting with the apical form of TTC belonged to an older age group as compared to those presenting with the non-apical form (61.1 6 8.9 years vs. 69.5 6 11.2; P < 0.01). The QTc interval prolongation at index-event was observed to be quantifiably greater in the 'apical variant' patients group (484.8 6 57 ms vs. 464 6 34.1 ms; P ¼ 0.06). With respect to cardiovascular risk factors, patients with arterial hypertension did have a higher predilection to present with the apical form (63.4% vs. 43.7%; P ¼ 0.06), however, the impact of smoking was less pronounced in this patient group (24.4% vs. 50%, P ¼ 0.01). Furthermore, our study highlighted a significant impact on ejection fraction (EF), with a compromised left ventricular function (36 6 9% vs. 42.4 6 9.7%, P < 0.01) and greater involvement of the right ventricle in the apical variant patients group (23% vs. 3%, P ¼ 0.04). Patients with the apical form also showed a greater tendency to develop TTC-related complications such as cardiogenic shock and required longer monitoring and care in comparison. Conclusions: The apical and non-apical variants of TTC are manifestations of the same syndrome. They differ significantly, however, in their clinical presentation, related complications and prognosis.
Introduction
Takotsubo cardiomyopathy (TTC), a well-known reversible disease, was first described in 1990. 1 It is usually precipitated by a transient apical ballooning of the left ventricle (LV) with wall motion abnormalities of the mid-distal and apical regions and is associated with a decreased ejection fraction (EF). Additionally, the involvement of the right ventricle (RV) has also been described in up to 27% of patients. 2, 3 Recent data have attempted to classify TTC into four different forms based on the region of manifestation. 4 The apical form is the most common (81.7%) followed by the mid-ventricular (14.6%), basal (2.2%) and the focal form (1.5%). The pathophysiological mechanism for selective wall motion abnormality in the absence of significant coronary artery narrowing remains unknown. Patients usually present with symptoms such as chest pain and dyspnea. This could mimic an acute coronary artery syndrome (ACS) and admitted patients are generally treated as having suffered from one. A spontaneous recovery of the myocardium in TTC, however, is commonly observed within days or weeks. Arrhythmias, cardiogenic shock, thromboembolic events and in worst cases inhospital death are documented TTC-related complications. [2] [3] [4] [5] [6] [7] There is little information highlighting the differences in clinical presentation, electrocardiographic (ECG) findings, echocardiography data and TTC-related complications between the varying forms of TTC. To address this issue, we recruited and classified patients (as per type of presentation) from our TTC cohort in order to further elucidate and compare their respective characteristics and diagnostic parameters.
Material and methods
We retrospectively describe a collective of 114 consecutive patients diagnosed with TTC between January 2003 and September 2015 at our institution. The patients were divided into two groups based on the presence (n ¼ 82, 72%) or absence (n ¼ 32, 28%) of apical form of TTC. The 'non-apical variant' patient group composed of 31 patients presenting with a midventricular form of TTC and a single patient presenting with a basal form. The patients were diagnosed according to the Mayo Clinic Criteria, which outlines the clinical features associated with TTC. 8 This, in essence, describes the transient wall motion abnormality in the left ventricular mid-segments associated with or without an apical involvement; regional wall motion abnormalities that extend beyond a single epicardial vascular distribution; and also an event that occurs frequently, but not always in the wake of a stressful trigger. Other salient points mandate the absence of obstructive coronary disease; the appearance of new ECG pathologies, which mimic ACS or modest elevations in cardiac troponin levels; and finally the absence of pheochromocytoma or myocarditis in the patient.
The study population underwent a 12-lead ECG, an echocardiography, coronary angiography and in select cases, a cardiac magnetic resonance tomography. All patients were observed in the intensive care unit (ICU) for at least 24 h.
The angiograms, echocardiograms and ECG were reviewed by two experienced cardiologists, who independently evaluated the diagnosis of TTC.
This study was conducted in compliance with the Declaration of Helsinki with regard to investigations in human subjects and the study protocol was approved by the Ethics Committee of University Medical Centre Mannheim.
Statistics
Data are presented as means 6 SD for continuous variables with a normal distribution, median (interquartile range) for continuous variables with a non-normal distribution, and as frequency (%) for categorical variables. The Kolmogorov-Smirnov test was used to assess normal distribution. Student's t-test and the Mann-Whitney U-test were used to compare continuous variables with normal and non-normal distributions, respectively. The Chi-squared-test or Fisher's exact test was used to compare categorical variables. The log-rank test was used to compare the survival curves between the apical ballooning group and the non-apical ballooning group. Statistical analysis was performed with SPSS in all analyses, P 0.05 (two-tailed) was taken to indicate statistical significance.
Results

Clinical features of TTC patients
The mean age of patients presenting with TTC was 67 6 11 years, with our data skewing towards a female preponderance (83%), Table 1 . The most common clinical symptom was chest pain (50.8%) and this was followed by dyspnea (37%). An ST-segment elevation on ECG was observed in 34 patients (30%) and inverted T-waves in 102 patients (89.5%). A detailed patient history revealed emotional stress in 29% and physical stress in 56% of the patients, respectively. Mild elevation of cardiac enzymes, Troponin I and Creatine kinase, was confirmed in 95% and in 43% of the patients, respectively. LV-function at the time of admission, as measured by transthoracic echocardiography and laevo-cardiography, was moderately reduced (EF 38.3%). The involvement of the RV was documented in 22.8% of the patients.
The apical type TTC was observed in 72% (n ¼ 82) of patients ( Figure 1 , left panel), whereas the non-apical ballooning form was confirmed in 28% (n ¼ 32), (Figure 1, right panel) . The most frequent complications associated with TTC were life-threatening arrhythmias (11.4%), pulmonary congestion with need for invasive respiratory support (20%), thromboembolic events (12.2%), cardiogenic shock (19.2%) and in-hospital death (7%).
Clinical findings of apical TTC and non-apical TTC patients
Patients presenting with the non-apical form were younger than those presenting with the apical form (61.1 6 8.9 years vs. 69.5 6 11.2; P < 0.01), Table 1 . Our data also revealed an almost similar preponderance to females with physical stress (87.5% vs. 81.%). No significant difference could be elucidated between the two patient groups while comparing clinical symptoms, cardiac enzyme values, creatinine values and hemoglobin values. A comparison of the elevated ST-segments and inverted Twaves in both groups revealed nothing spectacular. Nevertheless, patients with the apical type TTC did have a longer QTc interval as compared to those from the mid-ventricular group (484.8 6 57 ms vs. 464 6 34.1 ms; P ¼ 0.06).
On further evaluation of cardiovascular risk factors, it was interesting to note that patients with arterial hypertension had a higher predilection to present with the apical form of TTC (63.4% vs. 43.7%; P ¼ 0.06), however, the impact of smoking was less pronounced in this patient group (24.4% vs. 50%, P ¼ 0.01).
The left ventricular EF was also more depressed in the 'apical variant' patient group (36 6 9% vs. 42.4 6 9.7%, P < 0.01), at times associated with a more pronounced right ventricular involvement (23% vs. 3%), P ¼ 0.04.
Interesting to note is the higher incidence of chronic obstructive pulmonary disease among patients presenting with the non-apical ballooning form.
In-hospital events
The 'apical variant' TTC patient group demonstrated a significantly higher incidence rate of cardiogenic shock than the nonapical variant; P ¼ 0.03 (Table 2) . During in-hospital stay, the incidence of life-threatening arrhythmias (comprising the constellation of ventricular tachycardia, ventricular fibrillation, asystole and AV-Block II type Mobitz as well as complete AV block), thromboembolic events and pulmonary congestion as well as the mortality rates were similar in both groups.
Long-term prognosis
In TTC patients suffering from both, apical form and the nonapical form, the in-hospital mortality, 30-day mortality and ongoing long-term mortality rates were similar (Figure 2 ).
Discussion
In our present study, we investigated the differences between the most common TTC forms, apical and non-apical variants, in a collective of 114 patients. To the best of our knowledge, this is the first study comparing TTC subgroups in a large cohort. [9] [10] [11] As described in other studies, postmenopausal women were more often affected from TTC than men. 8, 12, 13 The basis for this observation remains unknown. Low estrogen levels, which usually have a beneficial effect on cardiomyocytes, might explain this situation. The disease is also usually provoked by emotional or physical stress.
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We also validated the results of similar studies 3,9,17,18 documenting the higher incidence of the 'apical variant' of TTC. The mean age of patients suffering from the non-apical form was lower than the apical form and this observation was in concordance with the study conducted by Hahn et al. A detailed study pertaining to the influence of various cardiovascular risk factors in this scenario, demonstrated the higher incidence of arterial hypertension and diabetes mellitus in the apical variant patient group. Similar data from recent literature also report a higher prevalence of cardiovascular risk factors in this patient group. 9, 10, 19 A definitive correlation between the lower prevalence of arterial hypertension in the mid-ventricular patient group was not possible, considering the earlier age of presentation among these patients. 9 , 19 However, the impact of smoking was significantly pronounced in the non-apical variant. The prevalence of I. El-Battrawy et al. | 799 diabetes mellitus in our patient cohort was significantly higher than that in the general population. 20 Interestingly, data from recently published literature suggest that diabetes mellitus may have a protective effect on the long-term prognosis of TTC. [21] [22] [23] [24] A detailed analysis of patient ECG's revealed a consistent QTc interval prolongation, significantly pronounced in the apical variant group. These observations, however, have been well documented and are consistent with other published reports. 3, 9, 10, [17] [18] [19] 25, 26 Additionally, patients presenting with the apical form were diagnosed with a markedly reduced EF as compared to patients with the non-apical form. 10 The incidence of right ventricular involvement was also higher in the apical patient group. Contrary to earlier studies, which reported a greater number of patients with T-wave inversions in the apical group, we observed a similar number of T-wave inversions in both groups.
Patients from the apical group also did tend to have a higher prevalence of TTC-related complications such as shock and warranted longer ICU stays. This observation could be attributed to the comparably lower EF diagnosed among apical group patients. 9, 10, 19 The predominance of apical manifestation is not well understood. Although myocardial responsiveness to adrenergic stimulation is increased in the apical region, 27 norepinephrine content is lower in the apex than in the base. 28 It is possible that individual variations in the regional myocardial vulnerability play a role determining the model of manifestation among TTC patients. 19 Furthermore, coronary vasospasm and widespread coronary microvascular dysfunction 12, 29, 30 might play a role in the pathophysiological evolution of TTC. Nef et al. 31 have proposed that oxidative stress, triggered by excess catecholamines, may be a significant contributing factor. Nevertheless TTC remains an enigmatic disease with an unresolved explanation as to its pathogenesis. Furthermore, our study revealed that elderly patients with a higher comorbidity may be more predisposed to TTC of the apical form than the non-apical form. Furthermore, patients presenting with TTC of the apical form had a comparably lower EF and longer QTc intervals than the midventricular group. Considering these results one could speculate, that the apical form of TTC is attributed to a higher rate of TTC-related complications such as shock and in worst cases in-hospital death.
There are some limitations of the current study. This study is a retrospective single-centre observation with low event rates and needs to be evaluated in large multicentre registries. Nonetheless, the goal of this study was to delineate the clinical characteristics and predictors of TTC subtypes and its related in-hospital complications at index-event.
Conclusion
TTC is an important differential diagnosis of ACS, affecting predominantly postmenopausal females. Several types of TTC are known, which represent different manifestations of the same syndrome. The most common apical form appears to be predisposed to develop TTC-related complications (primarily associated with a significantly reduced EF). It also shows right ventricular involvement, presents at an older age and is probably influenced by a greater number of cardiovascular risk factors than the non-apical form.
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